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SPECIFICATION 



STmgTpATEJHAS OKNKRATOR IN SEMICONDUCTOR MEMORY 

DEVICE 

BACKGROUND OF THE INVENTION 



The present invention relates to a semiconductor memory device, and 
more particularly to a substrate bias generator which makes device characteristics 
stable by supplying a predetermined negative voltage to a substrate and 
minimally reduces current consumption during a self refresh mode. 



In general, a P-type substrate is employed in a dynamic RAM having a 
memory cell which is composed of one access transistor and one storage 
capacitor. Further, it is well known that a substrate bias generator must be 
included in the use of the P-type substrate, the substrate bias generator supplying 
a negative voltage of a predetermined level to the substrate .^I ntBtf meantime, - the 
substrate bias generator is installed 4n> inside of a chip and the negative voltage 
is th^s provided to the substrate^because t horo are^ the following -seme- 
- advantage^ . c&nparecl S with a case of connecting the substrate to a ground 
terminal GND. First^it 4& possible to mimmize A vanation of a threshold voltage 
generated b^body effect of a transistor an d - it is pofl3tbfc *to obtain^efficiency of 




po s sibl e ^^ ^^pfess^forward-bias by reducing^ub-threshold current and by 

undershooting an input voltage of^TTL(Transistor-Transistor Logic) inpirt stage. 

^ Q Cbiasj 
According to the above advantages, if 46© > ponstant negative voltage^is provided 

to the substrate by the substrate voltage generator, the function of the memory 

device is generally improved. 

A- m 

^fe-tfcejneantknerth^ubstrate bias generator -of^which driving capacity is 
improved is disclosed in U.S. Patent No. 5,157,278 entitled "Substrate Voltage 
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Generator for Semiconductor Device" granted on 20 October 1992. Fig, 1 is a 
schematic block view showing a substrate bias generator disclosed in the above 
U.S. Patent No 5,157,278. Fig. 1 is composed of a voltage pump circuit 6 
^ , providing a substrate^oltage YB B > a substrate voltage level detector 10 detecting 

^ " 5 the voltage level of the substraffe^vbltage VBB, a signal delay circuit 2 delaying 
an output signal of the substrate voltage level detector 10 during a predetermined 
time and thereby generating the output signal, and an oscillator 4 performing an 
oscillating operation in response to the output signal of the signal delay circuit 
2 and driving the voltage pump circuit 6. In such a construction, if the oscillator 
^,10 4 is operated, the substr^e^yoltage VBB is synchronized with an oscillating 
signal 0OSC generated in the oscillator 4 and is boosted to a predetermined 
negative voltage by the voltage pumping operation of the voltage pump circuit 
6. In t h| moantimo yjb^substrate voltage level detector 10 shown in a dotted line 
a PMOS transistor 12 having a channel, formed between a power 
fa 15 supply terminal Vcc and a connecting node 14 ana fcemgj^lways apt to b» turned 

on, a PMOS transistor 16 whose source terminal is connected to the connecting 
node 14 and whose gate terminal is connected to the substraTe^vSltage VBB, an 
NMOS transistor 18 having the ch^nel formed between the PMOS transistor 16 
and a ground terminal Vss an^-i^fl^allways <a pt to be turned on, and an inverter 
20 20 having an input terminal coupled to the connecting node 14 and driving the 

signal delay circuit 2. The substrate voltage level detector 10 detects the level of 
the substrat^voitage VBB and controls the oscillator 4 in response to such a 
.detecting operation. Therefore, in^caf^ that the voltage level of the substrate 
^voltage VBB is over a % desired negative voltage level (in this case, an absolute 



a desired negative voltage level (in this case, an abs 
te A voltage VBB is^ small), the substrate voltage A VB 



25 value of the substrafe^Jvbltage VBB is^ small), the substrate voltage A VBB is 

boosted to the desired negative voltage level by generating a signal^ enable the 
oscillator 4 and by operating the oscilku^ I On the other hand, in^case that the 
voltage level of the substrate voltage VBB is below \he desired negative voltage 
level (in this case, the absolute value of the substrate^oltage VBB ls^large), the 
30 substrate^vohage VBB is continuously maintained at the desired negative voltage 
level by generating the signal to enable the oscillator4 ajjd^by sjopjMng the 
operation of the oscillator 4. The signal delay circ<iit^d-fe6eiv»g the output 
signal of the substrate voltage level detector 10, prevents the voltage level of the 
^ substrafejvoltage VBB^eing sensitively varied and thereby makes the operation 

35 of the substrate bias generator stable. 




In the construction of the substrate voltage level detector 10 detecting the 
voltage level of the subst/ate^vi^tage VBB, the PMOS transistor 16 is switch- 
controlled by the substrate^voltage VBB according to a gate-input of the substrate 

^voltage VBB. Accordingly, if thejjvoitage level of the substrate voltage VBB 
becomes high^ the voltage level charged to the connecting node 14 is raised. The 
inverter 20 is output at the "low" level. In this case, the ^cillator 4 is enabled. 
On the other hand, if the voltage level of the substrate.voltage VBB becomes 
jfow, the voltage level charged to the connecting node 14 is dropped. The 
inverter 20 is output at the "high" level. In this case, the oscillator 4 is disabled. 
The substrat<^vSftage VBB^oftly or heavily turas^^Be channel of the PMOS 
transistor 16, however, it Jafrj^m^etely «ot-turn off the channel thereof. 
Therefore, the PMOS transistors 12 and wj^and the NMOS transistor 18 are 
always turned-OBLSO that^direct current flows between the power supply terminal 
Vcc and the ground terminal Vss. Further, the voltage level charged to the 
connecting node 14 is set near a trip point of the inverter 20, so that^tfie-etnef— 
direct current flows between the power supply terminal Vcc and the ground 
terminal Vss in the inverter 20(this is generally composed of a CMOS invert^r^ 
Therefore, 4^current of the substrate voltage level detector 10 always Hows^ 
.case, of-pow& ring - u p of4 he clii^?^i^ies?^t^operation of the semiconductor 
memory device. This specially causes t he consumption of ^ h ftoperational current 

~4q be incroasc d -d uring a stand-by state. ^ 

*Jn the m ea ntime, i ncase of th e cel l wlra h-has-jhey^dynamic construction 
such a dynamic RAM, it is well known that a refresh mode is included as one 
operational mode in the semiconductor memoradevice so as to perform a rewrite 
operation of cell storage data. In special ,-J^self refresh mode is generally 
emjployed in the semiconductor memory device, the self refresh mode performing 
a refresh 




^^©rfefmmgTtrw-c*^^ 1^13" v 

iftjpages 43 to 44 of a paper from ^i99^^ Symposium on VLSI circuits, entitled 
"Low power Self Refresh Mode With Temperature Detecting Circuit". Asjwell 
known, the self refresh mode is divided into active and stand-by states. The 
active and stand-by states of the self refresh mode have a constant interval, 
respectively. The interval is determined M^Ke (f*Uign of the chip. Accordingly, 
it is well known that the stand-by state of the self refresh mode is generated at 
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a constant interval unlike that of the chip, and that the stand-by state thereof is 

4enger maint^inea^an r the active state thereof (actually, the stand-by state 

occupies mos^seif refresh mode). This is well known from the above paper or 

from data books of Samsung Co., Ltd. published 1992 and 1993. As mentioned 

5 above, during the stand-by state of the self refresh mode, tb^direct current flows 

into the ground terminal Vss from the power supply^ern^inal Vcc in the substrate 

voltage level detector 10, thereby g^er^ng«^current consumption. On the 

other hand, in!<jase that the time^nen the semiconductor memory device is 
elf' K 



-stay-in the stand-by state is similar to or is shorter than the operational period 
10 of the substrate bias generator, during the stand-by state, the substrate bias 
generator doesn't need to operate r ^howevet > only during the active state^ it 
^ should operate. Thereby, 4he current consumption according to the substrate 

^ voltage is pn^nted from being increased during the stand-by state. However, 

sin^^iilal^theftand-by state is not determined in the operation of the general 
15 semiconductor memory device, it is impossible to reduce the current 

consumption under the stand-by s^te acpord|ngJ^t^ ^oy^m^od^n the self 
' refresh mode to be refreshed l>y ty ^nq^ of^e chip, si^ce the time when the 

semiconductor memory device is stay^^in the stand-by state and the active state 
^ is det^rmmed by the period generated in inside of the c jpVfty * s possible to know 

^ 20 tli^imewhen the semiconductor memory device is stayfe^in the stand-by state. 

Nevertheless, the current consumption generated in the chip is in 4otaf increased 
according to the current consumption generated from the substrate voltage level 
detector 10 during the stand-by state of the self refresh mode. It has been 
estimated that such increase of the current consumption can interfere with the 



25 suppression of the P°wex consumption the superhigh integrated semiconductor 



memory device having^low power 



SUMMARY OF THE INVENTION 



I fl It is therefore^object of the present invention to provide a substrate bias 

generator implementing a semiconductor memory device which consumes low 
30 power. 



It is another object of the present invention to provide a substrate bias 
generator of a semiconductor memory device which- mmimally reduces current 



Ol m 'mimusn 
fir consumption^uring a self refresh mode. 

It is still another object of the present invention to provide a substrate bias 
generator in which current consumption is prevented from being generated 
during a stand-by state of the self refresh mode. 

^ 5 It is^further object of the present invention to provide a substrate bias 

generator capableof preventing i n s ide of a substrate voltage level detector from 
gen^^n^^ir^^current during the stand-by state of the self refresh mode. 

It is still^urther object of the present invention to provide a substrate bias 
generator capable of reducing current consumption of a semiconductor memory ^ 
10 device by preventing in s ide of a substrate voltage level detector from ^cneratfen -^J 
^ ^4fe^direct current during the stand-by state of the self refresh mode. 

^ It is yetpDbject of the present invention to provide a substrate bias 

generator of a semiconductor memory device capable of reducing current 
consumption by stopping -an^substrate voltage, det^tfi^g operation during the 
15 stand-by state, the semiconductor memory devios ffi\nng^4^i operational mode ■ 

-thyself refresh mode which is divided into active and stand-by states. 

ft 

The present invention according to the above objects is to provide a 

substrate bias generator to supply -an negative voltage to a substrate of the 

Ck 

semiconductor memory device having Jh^self refresh mode. 

The substrate bias generator accor^^g to the present invention has a 
substrate voltage, levej detector. As^-fee- A substrate voltage level detector 
^^^^^^^^P^ the period of the self refresh operation during the self refresh 
mode^the substrate voltage level detecting operation is enabled during the active 
a, state of the self refresh mode^^diif^W^it is disabled during the stand-by state 

25 thereof. 

The substrate voltage level detector according to the present invention 
comprises an input terminal for inputting an active signal of the self refresh 
mode and a switching device for controlling the substrate voltage level detecting 
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operation of the substrate voltage level detector by being switch-controlled in 
response to an output level of the input terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features of the present 
5 invention will be more apparent from the following detailed description taken 
with the attached drawings in which: 

Fig. 1 is a schematic block view of a substrate bias generator according 
to & conventional art; 

Fig. 2 is a schematic block view of a substrate bias generator according 
10 to the present invention; 

Fig. 3 is a detailed circuit view showing embodiments of a substrate 
voltage level detector 26 and its controller 28 according to the block construction 

of Fig. 2; and aener«*cA Vovf ^V*- Ovcu'v V- 

Fig. 4 is a timing diagram of^aeh-ef signals^of Fig. 3. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

fr Thr point o f th tj l esrripti on nf thr prpfnrr rt Hiibrfriimmt of th t» prn ^nt 

pf ■ invcntijgn is ^ha t ^substrate bias generator i s to prevent the consumption current 

^j^"^ ^cncratc^ cluring a stand-by state of a self refresh mode. Therefore, for 
convenience of the explanation, in the following description, a term "active 
iV- 20 state" is defined as that of the self refresh .mode and another , tenn "stand-by 
state'^s r tnat of the self refresh mode, except^a determine d* case like an "active 
state of a chip" or a "stand-by state of the chip". Further, a signal 0self of 
signals mentioned hereinafter indicates an enable signal and another signal 0act 
thereof indicates an active signal of the self refresh mode. 

25 Fig. 2 is a schematic block view of the substrate bias generator having a 

substrate volt^e . level detector according to the present invention. In the 
construction^Fig. 2, a portion indicated by a dotted line block, is a new 
(Y construction according to the present invention and is the subject matter of the 

present invention. Since the rest of portions except the dotted line block portion 

30 are the same as those of Fig. 1, their reference numerals are also the same as 
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those of Fig. 1. In synchronization with the period of the self refresh operation, 
the detecting operation of the substrate voltage level detector 26 is enabled 
during the active state, whereas it is disabled during the stand-by state. Such a 
detecting operation is determined by the substrate voltage level detecting 
controller 28 which controls the substrate voltage level detector 26 by inputting 
in a feed-back manner the self refresh enable signal ^self , the active signal 0act 
of the self refresh mode and an output signal of the substrate voltage level 
detector 26. Accordingly, the driving capacity of the substrate voltage level 
detector 26 is determined according to the control of the controller 28 and will 
be. in detail -explained - hereinafter. 



-i n Ihe mean tm^jn-^order to A easily understand the present invention, the 

self refresh mode and the current consumption thereunder will be explained as 

follows. As/well known in the art, the level of the substrate, voftage VBBi is 

A * Cl(LrO*rs 

raised by junction leakage current and substrate current caused by not ^gmiM^ 

generated when the transistors are operated. Therefore, «— case— that^tne 

semiconductor memory device is not operated and only power is P^^^^^^y 

^tfie^and-by state of the chip, 4hereis-searc^y-the substrate current^genM^^/ 

by the operation of the transistor and there remains only the junction leakage 

current. Thereby, the oscillator is operate^ during the stand-by state of the chip. 

If the semiconductor memory device is at^the active state ^©f-4he-ehip, many 

transistors are operated to generate a large amount of substrate current, so that 

the Substrate^voltage VBB is raised and the operating time of the substrate bias 

generator becomes long. Accordingly, during the stand-by state of the chip, the 

operational period of the substrate bias generator is determined depending upon 

the^driving capac^y of the voltage pumping circuit, i.e., depending .upon how 

soon the substrate voitage VBB is charged up to the operational level of the 

oscillator by the junction leakage current and how soon it is dropped to the 

desired level. In the stand-by state of the chip, if the capacitance of the substrate 

voltage node becomes large and -co ntrary thafr-e£ the junction leakage current 

becomes small, the operational period of th e s ubstrate bias generator will become 



long. Jn tho meantime, as ^entione d^ b o v eTi ^ the time when the semiconductor 
memory device is the stand-by state of the chip , is similar to or is 

shorter than the operational period of the substrate bias generator, during the 
stand-by state, the substrate bias generator doesn't need toj ^ponT^ 'how ever^ 
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^ ^only^during the active state^^itnsheuM-^perate. Thereby, it is possible to prevent^ 

1. A --the- current consumption ^undeg * the stand-by state 4 of the chip from being 

nrH / - * norcascd according to »t h o oi i bqtr n tc v ol ^ o. Ac^^ngly, . in tiie self refresh 
^ mode 4o-4>e-^fresfae <^ €y ^^p^^^o^^e^ Q^ip s^since^tfif *i&e r wl&n the 

/v, " 5 semiconductor memory device is^ cach s tayo e fo hr 

|^ state of the chip is determined by the perio d g£neratc3 in m fl i&e oi ^tl 

is possible to know the time wh^the semiconductor memory device ii ^faye d- 
in the stand-by state. Meantime, smc^ the time of the stand-by state is several 
A* ---deea^^loliundreds of microsecond^us) and is similar to or is shorter than the 

10 operational period of the substrate bias generator, as described above, it is 
possible to apply a method which reduces the current by intercepting the 
operation of the substrate bias generator during the stand-by state. Further, since 
the time of the stand-by state is longer than that of the active state in the self 
refresh mode, if the operation of the substrate bias generator is stopped, the 
15 current consumption can be largely reduced during the stand-by state. 

Returning to Fig. 2, when the self refresh mode is enabled and the signal 
0act is disabled, the substrate voltage level detecting controller 28 prevents the 
driving operation of the substrate voltage level detector 26 to thereby intercept 
the generation of the direct current within the substrate level detector 26, the 

20 controller 28 in the feed back manner inputting the self refresh enable signal 
0self , the active signal (pact of the self refresh mode and the output signal of the 
substrate voltage level detector 26. Further, if the active state begins in the self 
refresh mode cycle, the signal 0act is enabled. Thereby, the driving operation 
of the substrate bias generator and the substrate voltage level detecting operation 

25 of the substrate voltage level detector 26 are performed. Then, the output signal 

A- ' 




ft output signal thereof to the controller 28 in the feed back manner. According to 

30 such a series of operations, if the semiconductor memory device enters into the 
self refresh mode, the driving operation of the substrate voltage level detector 
26 is stopped during the stand-by state and is only performed in the cycle of the 
active s|ate. Thereby, the substrate bias generator is enabled only until the 
substrate^voltage VBB is boosted to the desired level. In the total operational 
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time of the self refresh mo^.e, because the time when the substrate voltage level 
detector 26 is enable^is^nc3ign^»H-to be ignored, components of the direct 
current are eliminated in the operational current of the self refresh mode, the 
components of the direct current being generated in the substrate voltage level 
detector 26. 



Fig. 3 is a detailed circuit view showing embodiments of the substrate 
voltage level detector 26 and its controller 28 according to the block construction 
of Fig. 2. In the construction of Fig. 3, the signal ^self is generated according 
to conditions of inputs of a row address strobe signal ras and a column 
address strobe signal CAS , the row address strobe signal RAS and the 
column address strobe signal CAS being provided from^he ^5?^? o£the chip, 
i.e. , the system. A process of generating the^signal $se?r is^disclcJs^in^orean 
Patent Application No. 93-13276 entitled "A Circuit for Controlling the period 
of a Self Refresh Operation" filed 24 July 1993. As an active signal of the self 
refresh mode, the signal 0act is generated in response to the inputs of the row 
address strobe signal RAS and the column address strobe signal CAS . The 
controller 28 is comprised of a NOR gate 32 inputting the signals 0self and 0act 
through an inverter 30, a NAND gate 34 inputting an output signal of the 
substrate voltage level detector 26 and an output signal of the NOR gate 32, and 
an inverter 36 r c ^rac*!^ output signal of the NAND gate 34. The 

substrate voltage level detector 26 is comprised of a PMOS transistor 38 whose 
source terminal is coupled to the power supply terminal Vcc and whose gate 
terminal is coupled to the output signal of the controllers, a PMOS transistor 
40 whose channel is formed between the PMOS transistor^44- and4^jconnecting 
node 46 and whose gate terminal is coupled to the ground terminal Vss, a PMOS 
transistor 42 whose source terminal is coupled to ^th^ ground termini Vss and 
whose gate .terminal is coupled t£ the ^ubstrate^volfage VBB, t»^JMOS 
transistor 4fl^ who s c ch S ane hfeyyformed between the PMOS transistor 42 and the 
ground terminal Vss and whose gate terminal is coupled to the power supply 
terminal Vcc, and an inverter 48 having an input terminal coupled to the 
connecting node 46 and generating the output signal of the substrate voltage level 
detector 26. 

With reference to Fig. -4^be kig -t he ^operational timing diagram of Fig. 3, 



the operational characteristics of Fig. 3 will be explained hereinafter. 



i) A state of a normal operation 4ea^ the self refresh mode is not 
t^rfbimed^^^ signals 0self and 0act are each at the "low" level, 
Jike an^interval Tl of Fig. 4, for example, the stand-by state of the normal 
operation. Therefore, the NOR gate 32 outputs the signal set to the "low" level 
by receiving the signal of the inverter 30 set to the "high" level. The NAND 
gate 34 is thus supplied with an output signal set to the "low" level and thereby 
outputs the signal set to the "high" level regardless of the voltage level of the 
node 24. The inverter 36 outputs the signal set to the "low" level by receiving 
the signal of the NAND gate 34 set to the "high" level. Accordingly, a control 
signal A of the PMOS transistor 38 becomes the "low" level, so that the 
substrate voltage level detector 26 is enabled to continuously perform the 
detecting operation of the substrat^voftage VBB^the control signal A being an 
output signal of the inverter 36. In tho moantimo r inl ine substrate bias generator 
of Fig. 2, it is well known that the detecting operation of the substrate voltage 
level detector 26 is stopped when the substra&^voltage VBB is boosted to the 
desired level. 

ii) With reference to an interval T2 of Fig. 4, the stand-by state of the self 
refresh mode, i.e., the substrate^voltage level detector does not perform the 
detecting operation, is A asK>flows. As shown in Fig. 4, in case that the column 
address strobe signal CAS becomes active previous to the row address strobe 
signal RAS and is then input, if the self refresh mode entrance time T^.^ goes 
by, the signal 0self becomes the "high" level and another signal 0act becomes 
the "low" level. Accordingly, the NOR gate 32 outputs the signal set to the 
"high" level by receiving the output signal of the inverter 30 set to the "low" 
level. Since the substrate^voitage VBB is charged to the negative voltage level 
in the previous operation, the node 46 becomes the "low" level by the turning-on 
operation of the PMOS transistor 42jand the inverter 48 thus outputs the signal 
set to the "high" level. The NAND gate 34 outputs the signal set to the "low" 
level by receiving the signalof th^NOR gate 32 set to the "high" level and the 
signal of the NAND gaic 3^set to the "high" level, respectively. The inverter 
36 outputs the signal set to the "high" level by receiving the signal of the NAND 
gate 34 set to the "low" level. Accordingly, the signal A becomes the "high" 
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level and the PMOS transistor 38 is t^s,tiimpd off. Thereby, the substrate 
.voltage level detector 26 of Fig. 2 stops ffie Jbto&?n^ - opcr at*ea» of the substrate 
^vbftage VBB. As shown in Fig. 4, the interval T2 of the stand-by state a&fig*. 
^ *4- occupies most.&elf refresh mode. Therefore, during the stand-by state of the 

' 5 self refresh mode, the operation of the substrate voltage level detector 26 is 
disabled, so that it is possible to reduce the current consumption. 

iii) With reference to an interval T3 of Fig. 4, the active state of the self 
refresh mode is follows. The signal 0self becomes the "high" level and also 
another signal 0act becomes the "high" level. Thereby, the NOR gate 32 outputs 

10 the signal set to the "low" level by receiving the signal 0act set to the "high" 
level. Then, the NAND gate 34 outputs the signal set to the "high" level 
regardless of the voltage level of the node 24 by receiving the signal of the NOR 
gate 32 set to the "low " level. The inverter 36 outputs the signal set to the 
"low" level by receiving the signal of the NAND gate 34 set to the "high" level. 

15 Thus, the signal A becomes the "low" level, so that the substrate voltage level 

detector 26 is enabled to continuously perform the detecting operation of the 
substrate^ voltage VBB. 

The substrate voltage level detector 26 and its controller 28 of the 
substrate bias generator according to the present invention, as shown in Fig. 3, 
20 are the preferred embodiments based on the spirit of the present invention. 

However, it is well known .to oiie skilled m the art that the constructions - of - the - 



However, it is we|l know^to^e^illed the^art that the constroctions - of - the -. 
circuits ca^^e ^n^ntf^ c i^odio^ j^TO^ecfcon* with the logic of the self 
refresh enable signal 0self and the chip active enable signal 0act. 

As mentioned above, the substrate bias generator according to the present 
ft 25 jnv^nt^on injmts the output signal of the substrate voltage level detector and -has— 
-^he^confroller for controlling the switching operation of the substrate voltage 
level detector according to the input conditions of the self refresh enable signal 
0self and the active signal 0act of the self refresh mode. Thereby, during the 
stand-by state of the self refresh mode, the generation of the direct current is 
30 prevented w within the substrate voltage level detector and thus 4 hore ariaoo an 
efficiency^m^^it the current consumption can be reduced in the substrate bias 
generator. 
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